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Muscle Strength to Mental Strength: Exercise 
and Age-Related Cognitive Decline 
Rhianna A. Lovegrove, Mark Bahr 





As the population replacement rate exceeds the birth rate, the median age of 
the population in Western countries increases. With increasing age there is a 
rise in population disease burden, particularly in mental health. As such, 
there is considerable interest in the identification of modifiable factors that 
may protect against cognitive aging. In this study, 71 participants, across 
three age-balanced groups (young, 18 - 21; middle-aged, 22 - 47 years; older 
adults, 48+) were recruited from the general Australian community to ex-
amine the effect of aerobic versus resistance exercise on executive functioning 
(EF). As hypothesized, older adults evidenced decline in self-reported execu-
tive functioning (EF) impairment, and some aspects of mental flexibility. 
Multivariate Analysis of Variance (MANOVA) revealed that moderate to 
high aerobic exercise engagement, and moderate resistance exercise engage-
ment may be somewhat beneficial for reducing age-associated performance 
decrements in mental flexibility. A dissociation of mental flexibility from spa-
tio-temporal tracking performance provides support for a modular decline 
model of cognitive aging. 
 
Keywords 




There is a general belief that age-related cognitive decline is first detectable 
somewhere between the fifth and sixth decade of life (Karlamangla, Lachman, 
Han, Huang, & Greendale, 2017; Rönnlund, Nyberg, Bäckman, & Nilsson, 2005). 
Salthouse’s (2009, 2011) longitudinal research, however, identified that some 
aspects of cognition begin to decline relatively early in adulthood. This decline 
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appears to be most prominent for executive functioning (EF), higher-order 
frontal-lobe cognitive processes akin to the “CEO of the brain” (Chang & Etnier, 
2009; Yuan & Raz, 2014). Such functions are involved with monitoring and re-
gulating goal-directed behaviour, including planning and organizing, attentional 
processing, prospective memory, task switching, time and motion perception, 
inhibition, problem solving and decision-making (Harada, Natelson Love, & 
Triebel, 2013). There is considerable evidence indicating that EF decline in neu-
rotypical elderly is pronounced in the prodromal stages of dementia; a patho-
logical form of decline encompassing a range of neurodegenerative conditions 
(Blacker et al., 2007; Clark et al., 2012; Deary et al., 2009; Petersen et al., 2001). 
Globally, a new case of dementia is detected every four seconds (World Health 
Organization and Alzheimer’s Disease International; WHO, 2012), and as of 
2017, dementia was deemed the second leading cause of death in Australia 
(Australian Bureau of Statistics, ABS, 2017; see Table 1). For these reasons, un-
derstanding the nature of cognitive aging and identifying factors that may pro-
tect against its onset are of public health significance.  
Despite the inevitability of typical cognitive aging, its etiology is not fully un-
derstood. The most frequently endorsed theoretical viewpoint posits that, with 
age, individuals experience a generalized global slowing of all cognitive abilities 
attributed to a range of organic influences (Birren, 1964; Salthouse, 1996). These 
include beta-amyloid plaque build-up, vascular damage, and oxidative stressors; 
all of which insult the nervous system and consequently impair cognitive func-
tioning in a synchronous manner (Birren, 1964; Cosentino et al., 2010; Donohue 
et al., 2017; Knopman et al., 2018; Salthouse, 1996). Research in support of this 
model has reported subtle but uniform age-associated declines across various 
cognitive domains such as reaction time, working memory, verbal recall, visu-
al-spatial attention, reasoning, mental flexibility and response inhibition (Hara-
da et al., 2013; Mahncke, Bronstone, & Merzenich, 2006). A contrasting modular 
decline theory maintains that specific cognitive functions are more susceptible to 
senescence and thus, decline occurs within distinctive sub-systems (Geerligs, 
Renken, Saliasi, Maurits, & Lorist, 2014). For example, profound EF deficits are 
not uncommon with increasing age (Healey, Campbell, & Hasher, 2008; Salt-
house, 2009; Schroeder & Salthouse, 2004; Karlamangla et al., 2017;  
 
Table 1. Leading causes of death in australia: From 2012 to 2017. 
Cause 
Time 
2012 2017 Change (%) 
Ischaemic heart diseases 20,108 18,590 −7.50 
Dementia, including Alzheimer Disease 10,367 13,729 +32.43 
Cerebrovascular diseases 10,785 10,186 −5.55 
Chronic lower respiratory diseases 6647 8357 +25.73 
Note. % = percentage change in disease prevalence from 2012-2017. 
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Uttl, 2008). Other crystallized cognitive domains (i.e. vocabulary, general know-
ledge, emotion recognition), however, tend to remain in-tact or steadily improve 
(Aartsen, Smits, van Tilburg, Knipscheer, & Deeg, 2002; Alexander, Bahr, & 
Hicks, 2014; Glisky, Polster, & Routhieaux, 1995; Godefroy, Roussel, Despretz, 
Quaglino, & Boucart, 2010; Kramer & Willis, 2002). Evidently whether cognitive 
aging is modular or generalized remains elusive. 
In addition to the ambiguity surrounding the nature of cognitive aging, it 
should also be noted that only half of the variability in cognitive decline can be 
explained by age-related neuropathology (Boyle et al., 2013). Instead, it appears 
that modifiable lifestyle factors have some protective value for buffering against 
cognitive aging (Stern, 2009, Stern et al., 2018; Vemuri et al., 2012; Yaffe et al., 
2009). Recent evidence from 48.4% of the dementia cases in Australia revealed 
that 17.9% of the population’s risk of developing dementia is the result of low 
physical activity engagement (Ashby-Mitchell, Burns, Shaw, & Anstey, 2017). 
Indeed, a large body of geriatric literature supports that exercise can reduce the 
likelihood of brain exposure to Alzheimer’s Disease (AD) neurotoxins (e.g., 
amyloid-tau proteins; Brown et al., 2013), decrease vascular pathology (atheros-
clerosis and hypertension), enhance oxygen transport efficiency to the brain (Lin 
et al., 2015), and increase brain growth factors such as Brain Derived Neuro-
trophic Factor (BDNF; Goldfield et al., 2018; Komulainen et al., 2008; Vaughan 
et al., 2014). Notably, a recent systematic review and meta-analysis of 48 studies 
concluded that exercise training significantly improves the cognitive functional-
ity of individuals aged 60 or older (Falck, Davis, Crockett, & Liu-Ambrose, 
2019).  
Literature assessing the impact of disparate exercises on the cognitive reserve 
of older adults is of greater significance for informing the development of inter-
vention targeting cognitive decline. The most recent large-scale meta-analyses 
suggested that regular engagement in aerobic exercise can significantly improve 
the EF of older adults (Smith et al., 2010; Vaportzis, Niechcial, & Gow, 2019). 
The reigning hypothesis is that aerobic exercise may counter age-related decline 
via an increase in cardiorespiratory fitness, commonly operationalised as an in-
crease in an individual’s maximum oxygen consumption rate (VO2 max) and 
cerebral blood flow (Barnes et al., 2003; Horder et al., 2018; Labelle et al., 2014; 
Pensel et al. 2018; Prakash et al., 2011; Predovan, Julien, Esmail, & Bherer, 2019). 
Aerobic-exercise induced increases in cerebral blood blow are linked to a reduc-
tion in the accumulation of neuropathological markers (e.g., Amyloid-β) impli-
cated in cognitive decline pathology (Voss, Nagamatsu, Liu-Ambrose, & Kra-
mer, 2011). Fitness increases are associated with heightened brain activity during 
executive control tasks (Wong et el., 2015), lessened cerebral vasculature damage 
caused by arteriosclerosis (Mitchell et al., 2011; Pase et al., 2016; Tabara et al., 
2007), and a reduction in systemic immune activation (Muscari et al., 2010).  
Despite this, some evidence has challenged the notion that increases in aero-
bic exercise amounts translates to linear improvements in cognitive functioning. 
Etnier, Nowell, Landers, and Sibley’s (2006) meta-analytic results found no sig-
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nificant linear or curvilinear relationship between fitness and cognitive functio-
nality. Similarly, Young, Angevaren, Rusted and Tabet’s (2015) review of 12 
randomized control trials (RCT), including 754 participants over the age of 55, 
concluded that aerobic exercise induced increases in cardiorespiratory fitness 
were not significantly accompanied by significant cognitive changes. Snowden et 
al. (2011) also reported no significant overall benefit of aerobic exercise across 30 
studies that measured numerous cognitive domains (e.g., general cognition, 
reaction time, memory, attention, processing speed, visuospatial ability and lan-
guage processing). Of note, however, is the extent to which studies included 
within the above reviews vary in methodological rigor. Young et al. noted that 
randomization methods were often unclear, attrition was underreported, conta-
mination bias was present, and ceiling effects were suspected. Snowden et al. also 
reported underpowered studies and consistent use of instruments insensitive for 
detecting age-associated decline, such as the Mini-Mental State Examination 
(MMSE; Folstein, Folstein, & McHugh, 1975). St. John, Montgomery, Kristjans-
son, and McDowell (2002) indicated that the MMSE is prone to ceiling effects 
–poor sensitivity for detecting subtle cognitive changes in neurotypical adults, 
with scores in the “normal” range predicting institutionalization and aged-related 
mortality. Additional evidence suggests that the measure is easily invalidated by 
practice effects, has poor test-retest reliability and lacks construct validity for 
detecting modular declines in cognition (Gaffney et al., 1995; Spencer et al., 
2013).  
The role of resistance exercise in enhancing cognitive reserve has received less 
attention. The mechanism by which resistance exercise may exert positive effects 
on cognition, however, is understood to be the result of enhanced insulin-like 
growth factor-1 (IGF-1) promoting the growth, survival and differentiation of 
neurons implicated in protecting against age-associated pathology (Cotman & 
Berchtold, 2002; Herold, Torpel, Schega, & Muller, 2019; Liu-Ambrose & Do-
naldson, 2009). Results from a recent meta-analysis by Landrigan, Bell, Crowe, 
Clay, and Mirman (2019) reported that across 24 studies, resistance training had 
an overall positive effect on cognitive impairment. Similarly, Wilke et al. (2019) 
concluded that a singular session of acute resistance exercise training has a posi-
tive effect on global cognition, and cognitive flexibility. More specifically, A 
12-month resistance exercise intervention by Liu-Ambrose, Nagamatsu, Voss, 
Khan, and Handy (2012) reported that moderate, but not low levels of resistance 
training (twice-weekly) in 155 women, aged 65 to 75, enhanced response inhibi-
tion and selective attention. On a related note, Cassilhas et al. (2007) reported no 
significant difference in EF when comparing the impact of moderate and high 
frequency resistance exercise training over a six-month RCT. These findings 
raise the question as to whether there is a threshold whereby resistance exercise 
engagement no longer induces cognitive performance benefits. 
Alternative findings suggest that larger quantities of resistance training may 
be associated with significant improvements in selective attention, but not men-
tal flexibility or processing speed (Chang & Etnier, 2009). It is possible that only 
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some EF’s are influenced by resistance training, providing indirect support for 
modular decline. Alternatively, the measures used may not be sensitive enough 
to detect the effects of resistance exercise on cognition. Other studies, however, 
such as Ruiz et al. (2015), found no statistically significant changes in cognitive 
status on the MMSE following a two-month resistance exercise intervention. Si-
milarly, Alves et al. (2012) reported that participants who engaged in an acute 
resistance exercise intervention experienced no significant change in mental 
flexibility (task switching), as measured by the TMT. Kimura, Yasunaga, and 
Wang (2013) also concluded that three months of resistance training did not 
improve cognition as measured by the MMSE, nor did it significantly influence 
mental flexibility on the TMT. Short term, acute exercise interventions consis-
tently appear to have little cognitive benefit for older adults.  
It seems that increasing aerobic exercise engagement is beneficial for mitigat-
ing the effects of cognitive decline by enhancing cardiorespiratory fitness. 
Emerging research also suggests long-term resistance training may be beneficial 
for enhancing cognitive performance on EF tasks. Considering that not all adults 
can avail themselves with aerobic exercise due to physical limitations (La-
torre-Roman, Laredo-Aguilera, Garcia-Pinillos, Soto-Hermoso, & Carmona-Torres, 
2018), additional evidence for resistance training eliciting a cognitive benefit 
would provide an alternate means for preserving brain health in the elderly. 
There is considerable variability, however, in how researchers define resistance 
and aerobic exercise. Recent large-scale meta-analyses have amalgamated vary-
ing regimes (i.e., resistance, balance, strength, cardiovascular) into one category, 
rendering comparative conclusions invalid (Sanders, Hortobagyi, Bastide-van 
Gemert, van der Zee, & van Heuvelen, 2019). There is also ambiguity regarding 
the optimal dosage of exercise (quantity, frequency, intensity, and duration) 
beneficial for enhancing cognitive resilience.  
To the author’s knowledge, only one RCT by Coetsee and Terblanche’s (2017) 
has directly compared the relative EF benefits of resistance training versus aero-
bic exercise among older adults. This study involved a 16-week exercise inter-
vention whereby 67 sedentary individuals aged 55 to 75 years old were assigned 
to either a moderate continuous aerobic training, high intensity aerobic interval 
training, resistance training, or control group. Results revealed that participants 
in the high intensity aerobic-interval training group displayed the most promi-
nent improvements in processing speed, whereas participants in the moderate 
continuous aerobic exercise group experienced the most improvement on execu-
tive control tasks. With limited available evidence, however, the question re-
mains as to which type and amount of exercise is most beneficial for EF perfor-
mance across the lifespan. 
Aims and Hypotheses 
Thus, the current study aimed to conduct a cross-sectional, quasi-experimental 
conceptual replication of Coetsee and Terblanche’s (2017) work, by investigating 
the relative impacts of self-reported aerobic versus resistance exercise engage-
ment on the EF of adults aged 18 to 76 years old. To further investigate the 
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theoretical debate as to whether age-related cognitive decline is modular or ge-
neralized, the current study also assessed for performance dissociation across 
three distinct measures of EF, including: The Trail Making Task (measuring 
mental flexibility), the Time Wall Task (measuring spatial-temporal tracking), 
and the Bond Revised Executive Functioning Test (BREFT); a newly developed 
paper-based self-report measure of EF. In accordance with research suggesting 
that mental flexibility declines with age (Karlamangla et al., 2017; Salthouse, 
2009; Schroeder & Salthouse, 2004), it was expected performance on the TMT 
mental flexibility outcomes (i.e. reaction time, problem solving inefficiency, total 
time completion, and perseverative error), and EF scores on the BREFT would 
decline with increasing age. With evidence indicating that aerobic exercise en-
gagement is associated with superior EF (Young et al., 2015), it was hypothesized 
that at low levels of aerobic exercise engagement, older individuals would display 
poorer mental flexibility on the TMT and greater impairment on the BREFT, 
compared to middle-aged and younger participants, respectively. Based on 
Liu-Ambrose et al. (2012) findings it was expected that at low levels of resistance 
exercise engagement, older adults would exhibit poorer mental flexibility on the 
TMT and greater impairment on the BREFT, compared to middle-aged and 
younger participants. Finally, in line with the modular cognitive decline theory 
and recent literature (Mueller & Piper; 2014; Piper et al., 2012), it was hypothe-
sized that older adults would display significantly poorer performance on the 
TMT task, relative to their performance on the TWT. Evidence for differential 
task performance would provide support for a modular account of age-related 
decline. No significant differentiation in performance between tasks would be 
indicative of generalized decline.  
2. Method 
2.1. Participants 
The sample size for the current study was estimated a priori, using G * Power 
Version 3.1.9.3 (Faul, Erdfelder, Lang, & Buchner, 2007). With the alpha level of 
significance set at 0.05, and power at 0.80, it was determined that 63 participants 
were required to detect a small effect (f2 = 0.15). Given that attrition is common 
in experimental research, the sample size estimate was increased by 10%; to 70 
participants (Nayak, 2010). The final sample comprised 71 volunteer partici-
pants (45 females, 26 males), aged 18 to 76 years old (M = 37.16, SD = 19.33). 
Subjects from Queensland and Tasmania were recruited via social networking 
groups, university colleague connections, and the Bond University research par-
ticipant pool for undergraduate psychology students. Purposive sampling was 
deemed the most suitable method to ensure equal representation of participants 
across three age brackets: young (≤21), middle-aged (21 - 47) and older (48+). A 
chi-square analysis confirmed that cell sizes were equal across age groups, η2 (2, 
n = 71) = 0.37, p = 0.833. 
An inclusion criterion stipulated that participants be at least 18 years old, with 
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normal to corrected vision (previous studies have noted that visual impairments 
are problematic for older adults when navigating computer-administered neu-
ropsychological tasks; Helmes & Harris, 2017; Roudaia, Bennet, Sekuler, & Pilz, 
2010). A post-hoc exclusion criterion also ensured that participants with known 
cognitive deficit(s), independent of the typical aging trajectory, were excluded. 
Notably, 37 (52.1%) participants were single and 34 (47.9%) were in a relation-
ship. There were 25 (36.8%) participants who had completed education up to 
Year 12, 24 (35.3%) had an undergraduate degree, and only 7 (10.3%) had com-
pleted post-graduate education. There were 52 (76.5%) participants born in 
Australia. To check for differences in aerobic and resistance exercise engagement 
by age, two 3 × 3 cross-tabulation chi-square analyses were conducted. There 
was no significant difference in aerobic exercise engagement, by age, η2 (4, n = 
71) = 7.58, p = 0.108. There was, however, a significant difference between ex-
pected and observed cell sizes for resistance exercise, across age groups, η2 (4, n 
= 71) = 24.41, p < 0.001. Older participants were over-represented in the low re-
sistance exercise category, whereas younger participants were over-represented 
in the high resistance exercise category.  
2.2. Materials 
Demographic Questionnaire. The 13-item demographic questionnaire was 
developed to obtain basic participant information including age in years, gender, 
highest level of education, country of birth, relationship status, number of fluent 
languages, medical health and vision status. Responses were provided via a 
Google Forms questionnaire (can be provided upon request). 
Bond Revised Executive Functioning Test (BREFT; Lovegrove, Bahr, & 
Vashist, 2020). Adapted from Bailey’s (2018) 16-item EF deficit test from the 
ADDitude: Inside the ADHD mind online magazine, the BREFT is a 28-item 
behavioural checklist that measures EF in neurotypical adults. Given that EF’s 
are typically measured via cumbersome computer-administered tasks, the 
BREFT was designed as a paper-based, self-report alternative that measures 
three domains of EF: prospective memory, distractibility, and planning. In ac-
cordance with Payne’s (1980) guidelines for test development, double-barreled 
questions from the original magazine were separated, and some items were re-
flected to include both positively (16 items) and negatively (13 items) worded 
composites. The order of question presentation was randomized to negate the 
influence of response bias, and 12 additional items were added to enhance con-
struct validity. An example item for distractibility is: “I can remain focused on 
tasks.” An example item for planning is: “I plan which tasks are more impor-
tant”. Responses are provided on a 5-point scale, ranging from Not Often (1), to 
Often (5), or from Strongly Disagree (1) to Strongly Agree (5). A total EF score 
was calculated by subtracting the sum of the negatively worded items (impaired 
EF), from the sum of positively worded items (normal EF). Higher positive 
scores are indicative of better EF performance, whereas higher negative scores 
indicate greater impairment. 
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A reliability analysis of the BREFT was recently conducted using a subset of 
questions (15 items). Results indicated that the measure has excellent internal 
consistency (α = 0.91; Cronbach, 1951). Data from the current study was com-
bined with additional data from a separate project to form a sample size appro-
priate for conducting a factor analysis (N = 146; Tabachnik & Fidell, 2013). The 
Kaiser-Meyer-Olkin’s (KMO) statistic (r = 0.91) was within the acceptable range 
of 0.50 to 0.80, revealing the data was suitable for exploratory factor analysis 
(EFA; Kaiser, 1974). Principal Axis Factoring, with an oblimin rotation was used 
to identify the latent factors underpinning the BREFT. The solution of best fit 
was a one-factor model, accounting for 44.87% of the variance. It was therefore 
concluded that this subset of the BREFT measured a unidimensional EF con-
struct. Further psychometric validation is required. 
Recent Physical Activity Questionnaire-Revised (RPAQ-R; Lovegrove & 
Bahr, 2020). The RPAQ-R is a shortened and modified version of Golubic et al.’s 
(2014) 57-item RPAQ; a measure of physical activity engagement over the past 
month, across four domains (leisure time, occupation, commuting, and domes-
tic life). As noted by Younan (2018), loose definitions of what constitutes physi-
cal exercise in conjunction with inconsistent operationalization of aerobic and 
resistance exercise programs, makes it fundamentally impossible to draw valid 
conclusions from existing research. The RPAQ-R was modified to address these 
methodological concerns. The questionnaire includes two subsections adapted 
from the original RPAQ section C, pertaining to recreational exercise behaviour. 
Subsections contained 35 items corresponding to 35 different physical activities 
(e.g., jogging), for the purpose of measuring aerobic and resistance exercise en-
gagement. Criterion validity of the RPAQ-R was established by referring to exer-
cise categorisation within existing physical activity measures (e.g., CHAMPS 
Physical Activity Questionnaire; Stewart et al., 2001). Proceeding a post-hoc re-
vision of the scale, the final RPAQ-R measure comprised 19 items. A copy of the 
items corresponding to their respective categories can be provided upon request. 
Participants respond by rating their engagement with each activity in the past 
four weeks, on a scale ranging from None (0), Once (1), 2 - 3 Times (2), Weekly 
(3), 2 - 3 Times Per Week (4), 4 - 5 Times Per Week (5), to Daily (6). A total 
aerobic exercise engagement score was calculated by summing scores from all 
aerobic items. Likewise, a total resistance exercise engagement score was deter-
mined by the sum of all resistance exercise items. Participants were further ca-
tegorized as having low, moderate, or high aerobic and resistance exercise en-
gagement. Engagement levels were defined by a natural break using histogram 
distributions. Low resistance exercise was defined as 0 - 1 exercise(s), moderate 
was 2 - 8 exercises, and high was 9 or more exercises. Low aerobic was 1 - 6 ex-
ercises, moderate was 7 - 8 and high was 9 or more exercises. Although the 
RPAQ-R’s psychometric properties have not yet been established, the original 
RPAQ has been validated on a population of 2000 adults across ten European 
countries (Golubic et al., 2014). The measure has good test-retest reliability over 
a two-week period, with an intra-class correlation coefficient of 0.76 (p < 0.001) 
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for measuring total physical activity expenditure. Moderate correlations (r = 0.3) 
between RPAQ activity levels and objective criterion measures of activity (i.e., 
HR monitor, movement sensors) were also found. 
Trail Making Test (TMT; Piper et al., 2012). The TMT is a standardized, 
computer-administered neuropsychological measure of mental flexibility pro-
vided by the PEBL software. Originally forming part of the Halstead-Reitan Test 
Battery (Reitan & Wolfson, 1985), the original TMT is among the most em-
ployed neuropsychological tests in clinical practice and experimental research 
(Strauss, Sherman, & Spreen, 2006). The TMT takes approximately 10 minutes 
to complete and requires participants to, as accurately as possible, move a com-
puter mouse in a predetermined sequence to connect sets of 25 dots on a 7 × 7 
grid, within a 20 second time frame across eight trials. The test comprises two 
parts: Part A (TMT-A), a test of visual attention where participants connect as-
cending numbers 1 to 13 (Trails Part A: 1-2-3-4-5) and Part B (TMT-B), a test of 
mental flexibility, where participants connect alternating numbers 1 to 13, or 
letters A to L (Trails Part B: 1-A-2-B-3). It has been established that error rate 
and total time to completion on the TMT are independently meaningful scores. 
Thus, both have valid clinical utility for assessing cognitive decline (Ashendorf et 
al., 2008; Harvey & Bowie, 2006; Tombaugh, 2004). Moreover, given that the 
TMT-A provides a baseline measure of visual attention and the TMT-B is 
thought to add an additional demand of set switching, Oosterman et al. (2010) 
concluded that a ratio score of TMT-B to TMT-A should also be considered. 
Thus, the current study incorporated the following four composite EF outcomes. 
1) A total time completion ratio of TMT-B (singular characters) to TMT-A (set 
switching between characters), whereby ratios greater than 1.0 indicate poorer 
mental flexibility. 2) A reaction time ratio of TMT-B: TMT-A, where higher 
values are indicative of slower reaction time and therefore less mental flexibility. 
3) Perseverative error score, operationalized as a ratio of over-clicks on the 
TMT-B compared to the TMT-A. Perseveration refers to the tendency to persist 
with the same response despite feedback indicating the responses are incorrect 
(Demakis, 2003). It has been found that perseverative increases with age and is 
dependent upon prefrontal cortex EF processing (Head, Kennedy, Rodrigue, & 
Raz, 2009). Higher perseveration ratios are indicative of less mental flexibility. 
Finally, as proposed by Correia et al. (2015), problem-solving efficiency was also 
measured. 4) This was calculated by summing the number of clicks that partici-
pants needed to complete the task, expressed as a ratio of TMT-B: TMT-A. A 
higher ratio indicates more inefficient problem solving. 
Regarding the TMT’s psychometric properties, Mueller and Piper (2014) re-
ported acceptable test-retest reliability for TMT-A (r = 0.74) and TMT-B (r = 
0.61), with a 20-week interval. Convergent and construct validity have also been 
established, with Sanchez-Cubillo et al. (2009) reporting that scores on the 
TMT-A are significantly associated with visual search speed on the WAID-III 
Digital Symbol score. Similarly, scores on the TMT-B have been significantly 
predicted by Wisconsin Card Sorting Test Perseverative Errors, an alternative 
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neuropsychological index of executive control and set switching (Chaytor, 
Schmitter-Edgecombe, & Burr, 2006). There is also some evidence for discrimi-
nant validity, such that performance on interference control tasks (i.e., the 
Stroop Colour-Word Task) does not significantly predict TMT-B scores (San-
chez-Cubillo et al., 2009). A moderate-high correlation between TMT-A and 
TMT-B (r = 0.73) also supports the general assumption that both parts measure 
some common cognitive factors, but are not redundant (Sanchez-Cubillo et al., 
2009). This conclusion is further supported by Jacobson, Blanchard, Connolly, 
Cannon, and Garavan (2011) who identified that TMT-B relative to TMT-A, 
produces blood oxygen elevations in the inferior middle frontal gyri. The TMT 
has been consistently employed as a sensitive indicator of brain damage in per-
sons aged 15 to 89 (Davidson, Gao, Mason, Winocur, & Anderson, 2008; Kopp 
et al., 2015; Muir et al., 2015), and it has been established that older age groups 
show the greatest decline in performance on the TMT (Rasmusson et al., 1998). 
Piper et al. (2012, 2015) reported U-shaped associations between age and per-
formance on the TMT-B, with improvements occurring throughout childhood, 
yet a significant regression occurring in late adulthood. 
Time Wall Task (TWT; Piper et al., 2012). The TWT is a measure of spa-
tio-temporal tracking broadly defined as the ability to process and interpret in-
formation regarding the location of moving objects in time and space 
(Klencklen, Despres, & Dufour, 2011). The TWT originally formed part of the 
Unified Tri-Services Cognitive Performance Assessment Battery utilized by the 
military of the United States for personnel testing (Perez, Masline, Ramsay, & 
Urban, 1987). The PEBL version of the TWT is a non-verbal proxy that requires 
participants to assess the time at which a target spot, moving vertically across a 
computer screen at a constant rate, travels to a fixed distance. The test comprises 
20 trials, whereby which targets fall at randomly generated speeds. Participants 
are provided with feedback after each trial indicating whether their accuracy 
was, “Too Short,” “Great,” or “Too Long.” The primary EF outcome utilized was 
mean inaccuracy; a proportionality score defined as the absolute value of the 
time difference between the actual response time and the correct time, divided 
by the correct time. Higher inaccuracy scores are indicative of poorer spa-
tio-temporal tracking, with a perfect accuracy score being 0. Mueller and Piper 
(2014) reported that in a sample of 1233 participants, aged five to 89 years old, 
TWT performance was unaffected by age. Despite a paucity of literature specifi-
cally examining the TWT, evidence suggests that spatial-temporal tracking abili-
ties remain intact with age (Roudaia & Faubert, 2017; Wearden, Wearden, & 
Rabbitt, 1997). 
2.3. Procedure 
Ethical approval for data collection was obtained from the Bond University 
Human Research Ethics Committee in accordance with the National Health and 
Medical Research Council’s (NHMRC, 2018) National Statement on Ethical 
Conduct in Human Research. During an experimental session, participants were 
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seated in front of a laptop facing a blank wall (to minimize distraction). Partici-
pants were instructed to read the Google Forms explanatory statement which 
outlined the purpose and significance of the study, the required completion time 
(approximately 30 minutes), the anonymous nature of data collection and their 
right to withdraw from the study at any time. Informed consent was provided 
and a unique personal identifier (UPI) code was generated to ensure data ano-
nymity. Following the provision of consent, participants were presented with a 
series of survey measures including the demographic questionnaire, BREFT and 
RPAQ-R. The TMT and TWT neuropsychological tests were then administered. 
Counterbalancing was employed to reduce the influence of practice effects asso-
ciated with technology familiarity (Goldberg, Harvey, Wesnes, Synder, & 
Schneider, 2015). Also, importance was placed upon the standardization of in-
structions to aid in eliminating error variance due to experimenter effects. The 
verbal instructions modified from Piper et al.’s (2012) study can be observed be-
low.  
Verbal Instructions for the Demographic Questionnaire, BREFT and 
RPAQ. “You are about to take part in an experiment where you will complete a 
series of questionnaires over a 15 to 20-minute period. On the first questionnaire 
you will be asked to provide some basic demographic information (i.e., gender, 
age). The second will follow directly from the first, and will present you with a 
series of statements about everyday situations pertaining to how good your 
planning is, and how distracted you get, on a scale of 1 - 5, where 1 indicates you 
strongly disagree, or the event from the statement does not happen often, and 5 
means that you strongly agree, or that the event from the statement happens of-
ten. An example statement is: “I forget my appointments often.” 
The second questionnaire on the survey document will ask you about the 
types and amounts of exercises that you do. You will be presented with a series 
of physical activities (i.e., jogging), to which you must indicate how much you 
have engaged in that activity in the past four weeks (i.e., daily), using a 1 - 6 
scale. You will also be required to indicate how long you typically complete each 
activity for (i.e., 20 minutes), using a scale of 1 - 5. Read and follow the written 
instructions, they re-explain everything I have just told you. If there are any 
questions, or parts of the form that are not clear to you, please ask for assistance. 
If at any stage you decide you do not want to continue with the study, you have 
the right to withdraw.” 
Verbal Instructions for the TMT and TWT Tasks. “The next two five-minute 
activities will be completed on my laptop and will test how quickly you can 
switch between tasks (i.e., your mental flexibility) and how accurate you are at 
detecting the speed at which something is moving (i.e., your spatio-temporal 
ability). The mental flexibility task aims to determine how quickly you can 
switch between letters and numbers as you connect them in a sequence on a grid 
format. You will complete eight 7 × 7 grids, that require you to either connect 
numbers in a sequence from 1 - 25 (1-2-3-4), 13 letters (A - L) in a sequence 
(A-B-C-D) or switch between the two (A-1-B-2-C-3), by clicking on the charac-
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ters with the mouse. When you click on the correct character, the number or 
letter will go bold (within a circle on the grid) and a line will be drawn from the 
previous circle to the new circle. If you click on the circle with the wrong cha-
racter, no line will be drawn, and you will not be able to move on until you 
choose the correct circle. You will get two mini-grid practise trials before com-
pleting the formal trials. Each grid will disappear after 20 seconds, indicating 
your time has run out for that specific grid. Your aim is to get through as much 
of the grid as possible, within the fixed time interval. So, try to be as quick as you 
can. Timing will begin when you click on the first circle which is labelled ‘1’ or 
‘A’ on any given trial. 
The spatio-temporal task aims to see how well you can estimate the speed of a 
moving target. For each trial, when you press the spacebar, a small dot will drop 
from the top of the screen at a constant rate. When the dot reaches the red sec-
tion, about two-thirds of the way down the screen, you will no longer be able to 
see it, it will pass behind a red wall. Your task is to imagine, if you were able to 
see the dot moving at the same rate, when it would have hit hole at the bottom 
screen. Specifically, your task is to press the space bar at the exact moment you 
think the dot would hit the hole. You will complete 20 trials, and the target dot 
will move at varying speeds across each trial. When making your estimate, do 
not use any strategies that will improve your performance, such as tracking the 
dot with your finger, or counting in your head. Instead, just follow the target 
with your eyes and try to use your judgement to visualise it moving when you 
can no longer see it. After each estimate, you will receive feedback on your ac-
curacy, which will detail whether your performance was ‘Great’ (close to the ac-
tual target), ‘Too Long’ (over-estimation), or ‘Too Short’ (under-estimation). 
Take your time and try to be as accurate as possible.” 
At the conclusion of the experiment, participants were thanked for their time 
and provided with an opportunity to debrief.  
2.4. Design 
The current study utilized a quasi-experimental, cross-sectional design to deter-
mine if age-related decline in EF was more pronounced in participants who re-
trospectively reported less engagement in aerobic or resistance exercise. The first 
analysis utilized a 3 (Age: young, middle-aged, older) × 3 (Resistance Exercise 
Engagement: low, moderate, high) × 3 (Aerobic Exercise Engagement: low, 
moderate, high) multivariate Analysis of Covariance (MANCOVA) to investi-
gate the relationship between age and aerobic versus resistance exercise engage-
ment on EF. Cognitive reserve factors identified in prior literature as masking or 
confounding age-related decline were controlled for as covariates. These in-
cluded: more years of formal education (Foverskov et al., 2018; Roe, Xiong, Mil-
ler, & Morris, 2007), country of birth (Doblhammer, van den Berg, & Fritze, 
2013), employment status (Celidoni, Dal Bianco, & Weber, 2017), being wi-
dowed or single (Feng et al., 2014; Zhang, Li, Xu, & Liu, 2019), bilingualism 
(Gold, 2015; Houtzager, Lowie, Sprenger, & de Bot, 2017; Yeung, St. John, Me-
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nec, & Tyas, 2014), and being female (McCarrey, Kitner-Triolo, Ferrucci, & Res-
nick, 2016; Zaninotto, Batty, Allerhand, & Deary, 2018). No significant covariate 
effects were found. Thus, to avoid reductions in statistical power, they were re-
moved for the proceeding analyses. Main analyses comprised Multivariate Ana-
lyses of Variance (MANOVA) and Factorial Analyses of Variance (ANOVA) to 
determine the effects of Age (young, middle-aged, old), Aerobic Exercise En-
gagement (low, moderate, high), and Resistance Exercise Engagement (low, 
moderate, high), on three Executive Functioning tasks 1) the Trail Making Task: 
perseverative error, total time completion, problem solving efficiency, reaction 
time, 2) the Time Wall Task: spatio-temporal tracking inaccuracy, and 3) the 
BREFT: EF impairment). 
3. Results 
All data was directly exported into the IBM Statistical Package for the Social 
Sciences (SPSS) version 26, for analysis. The data met the assumptions for 
performing multivariate analyses (Tabachnick & Fidell, 2013). Unless other-
wise stated, Wilks” Lambda approximation to F was reported, and all tests uti-
lized α of 0.05. Levene’s Test of Equality of Error Variance was utilized to ex-
amine homogeneity of variance. Where violated, a more conservative α of 0.01 
was adopted. A correlation matrix of the key variables can be observed in Ta-
ble 2. 
The multivariate interaction between Age and Resistance Exercise Engage-
ment for Mental Flexibility was found to be significant, F(16, 132) = 2.14, p = 
0.010, η2 partial = 0.16, power = 0.88. Similarly, a significant multivariate interaction 
was identified for Age × Aerobic Exercise Engagement, F(16, 132) = 2.26, p = 
0.006, η2 partial = 0.17, power = 0.90. No significant multivariate three-way Age × 
Aerobic Exercise Engagement × Resistance Exercise Engagement interaction was 
observed, F(12, 114) = 1.37, p = 0.188. Similarly, the two-way interaction be-
tween Aerobic Exercise Engagement and Resistance Exercise Engagement was 
non-significant, F(16, 132) = 1.43, p = 0.139. Moreover, there was no significant 
main effect of Age, Resistance Exercise Engagement, or Aerobic Exercise En-
gagement on the combined Mental Flexibility variables, F(8, 86) = 1.49, p =  
 
Table 2. Correlation matrix for the TMT, TWT and BREFT variables. 
DV 1 2 3 4 5 6 M (SD) 
1. Time Completion Ratio -      0.73a (0.14) 
2. Reaction Time Ratio 0.12 -     1.00 (0.00) 
3. Problem Solving Inefficiency −0.11 −0.04 -    −3.98 (6.91) 
4. Perseveration −0.07 −0.03 0.36** -   7.22 (8.41) 
5. BREFT Impairment −0.08 0.05 −0.30* −0.15 -  44.52 (4.79) 
6. TWT Inaccuracy 0.09 −0.16 −0.35 −0.10 0.07 - 0.06 (0.02) 
NB. N = 71. M = Mean. SD = Standard Deviation. *p < 0.05. **p < 0.01. a = values transformed from raw 
data due to PEBL buffer underflow. 
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0.171; F(8, 86) = 0.75, p = 0.646; F(8, 86) = 1.47, p = 0.181. At the univariate lev-
el, only the between-subjects interactive effect of Age × Resistance Exercise En-
gagement for Perseverative Error was significant, F(4, 46) = 2.79, p = 0.037, η2 partial 
= 0.20, power = 0.72. The interaction accounted for 20% of the total variance in 
Perseverative Error and is depicted in Figure 1. 
3.1. Resistance Exercise Engagement, Age, and Mental Flexibility 
Given the significant interaction, the data was split by Resistance Exercise En-
gagement level to assess the simple main effect of Ageon Perseverative Error, at 
each level of Resistance Exercise Engagement. A one-way between-groups un-
ivariate ANOVA was conducted in conjunction with post hoc follow up tests 
using Tukey’s HSD. Results from the ANOVA highlighted that for low Resis-
tance Exercise Engagement levels, there was a significant effect of Age on Perse-
verative Error, F(2, 18) = 4.00, p = 0.037, η2partial = 0.31, power = 0.64. Age ac-
counted for 31% of the variance. Post-hoc comparisons indicated that older 
adults (M = 13.54, SD = 8.47) exhibited significantly more Perseverative Error 
than younger adults (M = −1.00, SD = 0.00). There was no significant difference, 
however, between younger and middle-aged adults (M = 7.67, SD = 4.76), or 
between middle-aged and older adults. For participants who engaged in mod-
erate Resistance Exercise, no significant effect Age on Perseverative Error was 
detected, F(2, 19) = 0.79, p = 0.470. Mental flexibility across younger, mid-
dle-aged, and older adults did not differ significantly. At high levels of Resis-
tance Exercise Engagement, there was a significant effect of Age on Perseverative 
Error, with age account for 34% of the variance, F(2, 22) = 5.53, p = 0.011, η2 partial  
 
 
Figure 1. Mean perseveration score by age group, and level of resistance exercise. NB: 
Error bars = 95% Confidence Intervals (CI). 
R. A. Lovegrove, M. Bahr 
 
 
DOI: 10.4236/psych.2020.115052 777 Psychology 
 
= 0.34, power = 0.80. Younger adults (M = 6.00, SD = 6.94) exhibited signifi-
cantly less Perseverative Error than older adults (M = 16.25, SD = 5.38). Similar-
ly, older adults experienced significantly more Perseverative Error than mid-
dle-aged adults (M = 3.00, SD = 5.29). No significant difference in Perseveration 
was observed between middle-aged and younger adults. 
3.2. Aerobic Exercise Engagement, Age, and Mental Flexibility 
To unpack the Age × Aerobic Exercise Engagement multivariate interaction, the 
file was also split by Aerobic Exercise Engagement and a series of MANOVA 
analyses were conducted. At low levels of Aerobic Exercise Engagement, the 
multivariate effect of Age on Mental Flexibility was significant, F(8, 46) = 2.76, p 
= 0.014, η2 partial = 0.34, power = 89. Age accounted for 34% of the variance in 
mental flexibility at low levels of Aerobic Exercise. As can be seen in Figure 2, at 
the univariate level there was a significant effect of Age on Perseverative Error, 
F(2, 25) = 5.56, p = 0.010, η2 partial = 0.31, power = 81. Age accounted for 31% of 
the variance, with older adults (M = 15.89, SD = 8.85) making significantly more 
Perseverative Errors than middle-aged adults (M = 4.00, SD = 8.58). There was 
no significant difference in Perseverative Error between younger (M = 9.67, SD 
= 6.12) and middle-aged, or younger, and older adults. 
As seen in Figure 3, a significant effect of Age on Reaction Time Ratio was 
also observed at low levels of Aerobic Exercise, accounting for 37% of the va-
riance, F(2, 25) = 7.19, p = 0.003, η2 partial = 0.37, power = 90. Younger adults (M = 
1.00, SD = 0.00) had significantly slower Reaction Times than middle-aged 
adults (M = 1.00, SD = 0.00). There was no significant difference, however, in  
 
 
Figure 2. Mean perseveration score by age group, and aerobic exercise level. NB: Error 
bars = 95% Confidence Intervals (CI). 
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Figure 3. Mean reaction time ratio by age group, and aerobic exercise level. NB: Error 
bars = 95% Confidence Intervals (CI). 
 
Reaction Time between older adults (M = 1.00, SD = 0.00) and middle-aged, or 
younger adults. At moderate levels of Aerobic Exercise Engagement, no signifi-
cant multivariate effect of Age was found, F(2, 12) = 0.99, p = 0.470. At high le-
vels of Aerobic Exercise Engagement, results revealed a significant multivariate 
effect of Age, accounting for 33% of the variation in Mental Flexibility, F(8, 38) 
= 2.35, p = 0.037, η2 partial = 0.33, power = 0.81. At the univariate level, a significant 
effect of Age on Perseveration was found, accounting for 43% of the variance in 
Perseverative Error, F(2, 22) = 8.36, p = 0.002, η2 partial = 0.43, power = 0.94. Older 
adults (M = 14.50, SD = 5.32) had significantly more Perseverative Error than 
younger adults (M = 3.38, SD = 6.37) and middle-aged adults (M = 5.00, SD = 
3.46). There was no significant difference between middle-aged and younger 
adults. 
Moreover, as seen in Figure 4, a significant univariate effect of Age on Prob-
lem Solving Inefficiency was also found for those who engaged in high levels of 
Aerobic Exercise, F(2, 22) = 4.88, p = 0.018, η2 partial = 0.31, power = 0.75. Age ac-
counted for 31% of the variance, with older adults (M = 0.58, SD = 5.70) exhi-
biting significantly more Problem-Solving Inefficiency than younger adults (M = 
−8.52, SD = 7.08). There was no significant difference between middle-aged 
adults (M = -6.96, SD = 2.00) and younger, or older adults. The effects of Age on 
Reaction Time Ratio, F(2, 22) = 0.02, p = 0.976, and Age on Total Time Comple-
tion, F(2, 22) = 0.62, p = 0.548, were non-significant. 
3.3. Age, Spatio-Temporal Tracking, and Exercise Engagement 
Results revealed no significant between-subjects effect of Age, F(2, 38) = 1.69, p  
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Figure 4. Mean problem-solving inefficiency by age group, and aerobic exercise level. 
NB: Error bars = 95% Confidence Intervals (CI). 
 
= 0.198, Aerobic Exercise Engagement, F(2, 38) = 1.28, p = 0.291, or Resistance 
Exercise Engagement, F(2, 38) = 1.33, p = 0.277 on the TWT outcome; Spa-
tio-Temporal Tracking. The Age × Aerobic Exercise Engagement interaction, 
F(4, 38) = 1.45, p = 0.236, and Age × Resistance Exercise Engagement interac-
tion, F(4, 38) = 0.37, p = 0.831, were also non-significant. There was no signifi-
cant interactive effect of Aerobic Exercise Engagement × Resistance Exercise 
Engagement, F(4, 38) = 0.25, p = 0.911, nor an Age × Resistance Exercise En-
gagement × Aerobic Exercise Engagement interaction, F(1, 38) = 0.53, p = 0.471. 
3.4. Age Associated Cognitive Declines Detected by the BREFT 
There were no significant effects of Aerobic Exercise Engagement, F(2, 49) = 
1.29, p = 0.284, or Resistance Exercise Engagement, F(2, 49) = 0.56, p = 0.574, on 
BREFT EF scores. Similarly, there was no significant two-way interaction be-
tween Age and Aerobic Exercise Engagement, F(4, 49) = 0.63, p = 0.641, Age and 
Resistance Exercise Engagement, F(4, 49) = 1.50, p = 0.217, or Resistance Exer-
cise Engagement and Aerobic Exercise Engagement, F(4, 49) = 0.42, p = 0.793. 
Finally, the three-way interaction between Age, Resistance Exercise Engagement 
and Aerobic Exercise Engagement also failed to obtain significance, F(3, 49) = 
0.86, p = 0.470. There was, however, a significant between-subjects effect of Age 
on EF, F(2, 49) = 3.73, p = 0.031, η2 partial = 0.13, power = 0.66, accounting for 13% 
of the variance in total EF. The simple main effect of Age on EF Impairment was 
investigated using Tukey’s HSD pos-hoc comparisons test, with results hig-
hlighting that older adults (M = −10.44, SD = 10.23) had significantly poorer EF 
than younger adults (M = 7.04, SD = 14.18). Older adults also reported poorer 
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EF compared to middle-aged adults (M = 2.36, SD = 13.98). No significant dif-
ference between middle-aged and younger adults was observed. 
3.5. Mental Flexibility and Spatio-Temporal Tracking  
Performance Dissociation 
To assess for age-related dissociation between Mental Flexibility and Spa-
tio-Temporal Tracking, a 2 (Task Type: TMT, TWT) × 3 (Age: young, mid-
dle-aged, older) mixed factorial MANOVA was conducted. Age and Task Type 
were entered as independent variables. To allow for a reliable comparison of 
performance across two tasks that use different metrics, TWT average Inaccura-
cy scores and TMT Perseverative Error scores were standardized to (Z) scores 
and entered as composite dependent variables. The multivariate Task Type × 
Age interaction was significant, indicating that EF performance varied as a func-
tion of Age and Task Type, F(2, 53) = 6.61, p = 0.003, η2 partial = 0.20, power = 0.90. 
The main effect of Task Type was non-significant, F(1, 53) = 0.25, p = 0.618, as 
was the between-subjects effect of Age, F(2, 53) = 1.06, p = 0.354. To unpack the 
significant interaction, the file was split by Age. For younger participants, there 
was no significant effect of Task Type, F(1,22) = 0.20, p = 0.657. Similarly, for 
middle-aged participants, EF performance did not vary by Task Type, F(1, 15), = 
4.39, p = 0.054. For older-aged participants, however, there was a significant ef-
fect of Task Type, accounting for 27% of the variance in EF performance, F(1, 
16) = 5.78, p = 0.029, η2 partial = 0.27, power = 0.62. As can be seen in Figure 5, 
older-aged adults” Perseverative Error on the TMT task (M = 0.49, SD = 1.19) 
was significantly higher than their TWT Inaccuracy (M = −0.30, SD = 0.60). 
 
 
Figure 5. Z of TWT inaccuracy and TMT perseverative Error, by age group. NB: The 
reference line indicates grand mean level of EF performance. 
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4. Discussion 
The primary aim of the current study was to conduct a cross-sectional examina-
tion of the relationship between age, aerobic and resistance exercise engagement 
on EF performance. An additional aim was to add to the theoretical body of lite-
rature addressing whether cognitive functions decline at the same rate (genera-
lized), or at varying rates within sub-systems (modular). As hypothesized, results 
revealed a significant effect of age on the EF behavioural checklist; the BREFT. 
Aligning with previous literature suggesting that EF declines with age (Healey et 
al., 2008; Karlamangla et al., 2017; Schroeder & Salthouse, 2004; Uttl, 2008), old-
er adults (48+ years old) reported the most EF impairment, followed by mid-
dle-aged (22 - 47 years old), and younger adults (18 - 21 years old). The signifi-
cant difference between middle-aged and younger adults gives credence to Salt-
house’s (2011) commentary that cognition begins to decline in early to middle 
adulthood, as opposed to age 60 and beyond. Contrary to the current study’s 
predictions, there was no effect of aerobic or resistance exercise on self-reported 
EF impairment. It’s plausible to suggest that the BREFT may be insensitive to 
exercise-induced effects. Despite this, given that the BREFT appears to detect 
age-associated EF performance discrepancies, further investigation into its psy-
chometric properties are recommended. Considering that treatment is funda-
mentally ineffective once dementia has onset (Lamb et al., 2018), a future project 
should also consider administering the BREFT to a clinical sample, potentially 
validating its use as a sensitive diagnostic tool for detecting early-onset patho-
logical EF deficits. Such advances would aid significantly in alleviating an al-
ready overburdened health care system (Christie et al., 2017). 
Contrary to the hypothesis, mental flexibility (reaction time, total time com-
pletion, problem solving efficiency and perseverative error) did not differ across 
age cohorts. This is inconsistent with previous literature suggesting TMT per-
formance declines with age (Ashendorf et al., 2008; Piper et al., 2012; Rasmusson 
et al., 1998). One explanation for this discrepancy points to potential differences 
in motivation and selective engagement as a function of age. As noted by Perfect 
and Lindsay (2013), older adults are more likely to perceive a social contract 
between themselves and the experimenter. Attention to the personal value of 
task outcomes has also been found to increase with age. Older adults are more 
fearful of cognitive decline, subsequently increasing their motivation to perform 
(Germain & Hess, 2007; Hess, Germain, Swaim, & Osowski, 2009). In addition, 
spatio-temporal tracking in the current study remained preserved with age – 
concordant with previous findings (Piper et al., 2012, 2015; Roudaia & Faubert, 
2017, Wearden et al., 1997). 
The current study also hypothesized that, at low levels of aerobic exercise en-
gagement older adults would exhibit poorer mental flexibility, compared to their 
younger counterparts. With increasing amounts of aerobic exercise, however, it 
was expected that these age-associated discrepancies would dissipate. Results 
partially supported this hypothesis. At low levels of aerobic engagement, older 
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adults displayed more perseverative errors and evidenced slower reaction times 
than middle-aged participants. This was consistent with research indicating that 
mental flexibility impairments tend to emerge in early to middle adulthood 
(Schroeder & Salthouse, 2004). There was no difference in perseverative error or 
reaction time, however, when comparing younger and older participants. It may 
be the case that younger participants in the current study were less motivated to 
optimally perform on the TMT (Perfect & Lindsay, 2013). Caution should be 
taken when interpreting this result, however, due to insufficient cell sizes in the 
low aerobic engagement cells due to the limited sample size and bias (i.e., n = 6; 
Tabachnick & Fidell, 2013). Preliminary analyses indicated that 96% of older 
adults engaged in at least one episode of aerobic exercise in the past month. 
Given that research suggests approximately 22% of older Australian adults (50+) 
are entirely inactive (Adair, 2015), the study’s sample appears to be unrepresen-
tative of the general Australian population due to restriction of range within ex-
ercise engagement variables. This shortcoming attests to the special challenges 
inherent in recruiting a sample of seniors for psychological research (Chase, 
2013). For future cross-sectional designs, researchers should consider alternative 
sampling strategies (i.e., direct random stratified sampling) to ensure the inclu-
sion of participants ranging from highly active, to fully sedentary.  
At moderate aerobic engagement levels, there were no significant age-associated 
differences in mental flexibility. Similarly, at high levels of aerobic exercise en-
gagement, reaction time on the TMT no longer varied between age groups. 
These findings are consistent with previous literature indicating preservation of 
function as a result of increased aerobic exercise engagement (Smith et al., 2010; 
Vaportzis et al., 2019). This evidence also provides tentative support for the im-
plementation of moderate to high levels of aerobic exercise for buffering against 
age-related declines in mental flexibility. It should be noted, however, that aero-
bic exercise accounted for only a small proportion of the variance in EF. Thus, 
along with the recruitment of a larger, more diverse sample, additional factors 
for buffering against mental flexibility declines should also be considered. For 
example, older adults who report engaging in regular exercise also show more 
participation in social activities and are less prone to unhealthy lifestyles – both 
concepts that require further exploration (Fabel & Kempermann, 2008; Jedr-
ziewski, Ewbank, Wang, & Trojanowski, 2014). Contrary to previous literature 
reporting that high levels of aerobic training are associated with improvements 
in task-switching ability (Coetsee & Tablanche, 2017; Vaportzis et al., 2019), 
older adults with high aerobic engagement exhibited more perseverative errors 
and problem-solving inefficiencies than their younger counterparts. Higher 
aerobic engagement may cause fatigue effects that induce poorer performance in 
the elderly; analogous to evidence indicating that elite athletes are more sus-
ceptible to immune dysfunction via training overload (Young et al., 2015; Walsh, 
2018). It is therefore possible that high levels of aerobic exercise engagement 
may not necessarily be optimal for buffering against age-related cognitive de-
clines. 
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The study also hypothesized that at lower levels of resistance exercise, older 
participants would exhibit poorer mental flexibility, compared to middle-aged 
and younger participants. This hypothesis was partially supported. At low levels 
of resistance training, older adults displayed more perseverative error on the 
TMT; a finding consistent with prior literature (Mueller & Piper, 2014; Piper et 
al., 2012). Also consistent with previous literature (Liu-Ambrose et al., 2012), at 
moderate levels of resistance exercise engagement perseverative error did not 
significantly differ across age cohorts. This highlighted what appears to be a 
benefit of moderate resistance exercise for buffering against age related decline 
in mental flexibility. It should be noted, however, that to allow for equivalence of 
cell sizes across the three resistance exercise levels, cut off points were defined by 
a natural break. As a result, age by resistance exercise cross tabulations revealed 
that some cells were considerably small (Tabachnick & Fidell, 2013). It has been 
noted by Tutfe (1990) that tunneling down data often renders cells with less than 
five cases uninterpretable, an assertion that can be applied to the result in ques-
tion. Exploratory multiple regression analysis is recommended for future studies 
to avoid the discretisation of underlying continuous data.  
Contrary to expectations, higher resistance exercise engagement did not pre-
dict the dissipation of age-related differences in perseverative error. Older adults 
exhibited greater perseverative error than their middle-aged and younger coun-
terparts; consistent with Chang and Etnier (2009) who found a benefit of high 
resistance training for selective attention, but not mental flexibility or processing 
speed. This finding also corroborated with Cassilhas et al.’s (2007) conclusions 
that there is no additional benefit of high resistance exercise engagement beyond 
that of moderate levels. As noted by previous researchers who failed to find a 
cognitive benefit of increasing resistance exercise (Alves et al., 2012; Kimura et 
al., 2013; Ruiz et al., 2015), it is possible that the current study’s participants had 
not exercised for long enough to reap cognitive reserve benefits. Similarly, there 
is also evidence to suggest that only high intensity resistance exercise training 
can enhance BDNF amongst older adults the mechanism by which resistance 
exercise is thought to benefit cognition (Goldfield et al., 2018). The current 
study’s scope did not allow for a viable assessment of participants” exercise in-
tensity. Thus, it is possible that the average level of intensity was insufficient to 
elicit remarkable improvements in cognitive performance.  
Given the absence of a reliable and valid retrospective measure of exercise en-
gagement appropriate for the study in question, breaking the existing RPAQ was 
necessary. This allowed for the collection of data pertaining to participant’s 
aerobic and resistance exercise engagement, separately. With a small sample size, 
emphasis was placed upon assuring reasonable equivalence of cell sizes. Thus, 
the amounts of exercise engagement constituting low, moderate, and high levels 
were determined by histogram distributions; ensuring that each group had 
enough data to conduct a robust MANOVA (Tabachnick & Fidell, 2013). As a 
result, dose-parameters may not reliably distinguish between low, moderate, and 
high levels of exercise, nor coincide with definitions in extant research. To im-
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prove the RPAQ-R, it is recommended that a panel review be conducted. Ideally, 
this panel should include experts (i.e., exercise physiologists) who can more re-
liably establish a fixed criterion to discriminate between aerobic and resistance 
exercise activity, as well as define valid metrics corresponding to low, moderate 
and high resistance engagement in the general Australian population. Including 
measures of exercise intensity and duration may also give rise to a more detailed 
explanation of the interplay between differential exercise dose-parameters and 
cognitive impairment across the lifespan.  
Although using retrospective self-report exercise questionnaires is inexpensive 
and has low participant burden (Rennie & Wareham, 1998), the inability to draw 
causal inference (Althubaiti, 2016) raises the question as to whether specific 
aerobic and resistance exercise dosages predict slowed cognitive decline, or are 
merely symptoms that result from a slowing in cognition function? Thus, an al-
ternative option for future researchers is to conduct a conceptual replication of 
the current study, by employing a true experimental longitudinal design. A me-
thodology like that used in Anderson-Hanley et al.’s (2010) study is recom-
mended. Matched participants engage in one to two months of controlled, high 
intensity exercise, with pre, mid, and post-test measures of cognitive functional-
ity. Where feasible, objective measures of cardiorespiratory fitness gains (i.e., 
VO2max), cerebral blood flow (i.e., fMRI), BDNF (i.e., plasma) and inflamma-
tion (i.e., CRP) would also allow for a deeper understanding of the mechanisms 
by which specific exercise parameters may influence cognitive aging (Barnes et 
al., 2003; Horder et al., 2018; Muscari et al., 2010). Of course, longitudinal re-
search is not without its pitfalls. Careful consideration must be given to the pos-
sibility of attrition and practise effects misleadingly manifesting as maturation or 
a lack thereof (Salthouse, 2009). 
Furthermore, in line with research supporting the modular model of cognitive 
aging (Alexander, Bahr, & Hicks, 2014; Geerligs et al., 2014), the hypothesised 
dissociative relationship between mental flexibility and spatio-temporal tracking 
performance was supported. For older participants, perseverative error on the 
TMT was significantly greater than inaccuracy on the TWT consistent with 
emerging research suggesting that mental flexibility declines with age, yet spa-
tio-temporal tracking is preserved (Ashendorf et al., 2008; Piper et al., 2012; 
Roudaia & Faubert, 2017; Salthouse, 1996, 2009). As the current study suggests, 
if cognitive aging is modular, intervention strategies tailored towards preserving 
modules that are more susceptible to senescence may be beneficial for increasing 
the likelihood of older adults remaining cognitively apt well into their later 
years. 
5. Implications and Conclusion 
Despite limitations, the current study has several significant implications. Nota-
bly, given the dramatic discrepancies among empirical studies investigating the 
course and timing of age-related cognitive decline, this project has added to the 
existing body of theoretical literature offering valuable insight into the process of 
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cognitive aging. Specifically, the results aid in clarifying question as to whether 
the aging brain declines variably across cognitive subsystems or in a globalized 
fashion due to organic influence. As such, it appears that cognitive decline typi-
cally emerges around middle-age and is asynchronous in nature. Thus, with ad-
ditional validation and replication, cognitive reserve behavioural intervention 
should be tailored in attempt to maintain cognitive functions that are more sus-
ceptible to senescence. The study corroborates with existing literature highlight-
ing that EF ability declines with increasing age and therefore may be a potential-
ly useful marker for screening early cognitive ageing disease onset (Harada, et 
al., 2013). Moreover, results also provide relatively novel evidence demonstrat-
ing that spatio-temporal tracking abilities in older adults may remain in-tact. 
This significant difference in cognitive performance across two cognitive do-
mains helps to inform specific early intervention strategies. Additionally, the 
study has advanced extant literature by developing a retrospective questionnaire 
differentiating types of exercise. Although the exercise question warrants consi-
derable revision regarding the differentiation of low, moderate and high aerobic 
and resistance exercise, the RPAQ-R is the first of its kind that attempts to re-
trospectively measure exercise engagement including everyday activities distri-
buted by aerobic and resistance criterions. Similarly, a novel and potentially 
clinically useful measure of age-associated EF impairment has also been preli-
minarily validated in this project. With further use and validation, the develop-
ment of this test contributes towards more feasible and time-efficient screening 
of EF age-associated deficits in clinical settings. Given that traditional tests are 
typically found to have poor sensitivity and specificity for detecting cognitive 
declines (i.e., the MMSE; Spencer et al., 2013), the BREFT may also exhibit more 
sound psychometric properties necessary for a reliable measurement of cognitive 
domain functioning among older adults. The current study’s multi-factorial op-
eration of executive function also accounted for two limitations in cognitive 
ageing literature: mono-operation bias and poor construct validity for measuring 
several cognitive domains. By using two sensitive neuropsychologial tests (TMT 
and TWT), as well as a self-report executive function behavioural checklist to 
investigate executive function, this limitation was addressed.  
Ultimately, this study supports the implementation of moderate to high aero-
bic and moderate resistance exercise intervention for enhancing the mental flex-
ibility of older adults. Given that exercise behaviour declines profoundly as 
adults age (Adair, 2015; Milanovic et al., 2013), these findings could contribute 
to health promotion and educational material aiming to reiterate the importance 
of staying active (with both aerobic and resistance engagement) to maintain in-
tact fluid cognition. Continual research into the benefits of exercise 
dose-parameters for enhancing cognitive reserve among older adults is necessary 
to determine how robust these findings are. Small batteries of standardized EF 
measures should be used in geriatric decline studies to combat the current issues 
regarding heterogeneous methodology (Snowden et al., 2011). As the proportion 
of the population constituted by baby-boomers bulges, the incidence of aged as-
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sociated pathological decline continues to rise (ABS, 2017; Deary et al., 2009). It 
is therefore imperative that geriatric researchers persist with understanding the 
nature of cognitive aging and additional protective factors that maintain cogni-
tive vitality 
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